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Figure I-I. World Map Showing DSIF's and Terminal/Relays Studied
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INTERSTATION COMMUNICATIONS STUDY

FOR

DEEP SPACE INSTRUMENT FACILITIES

Section I

INTRODUCTION

This document outlines the results of a study, conducted by Collins Radio

Company for the Jet Propulsion Laboratories as part of Contract M-27903, to aid

JPL !_ defining an optimum communication system to be used for interconnecting

three Deep Space Instrument Facilities (DSIF) located at Goldstone, California,

Woomera, Australia, and Johannesburg, Sou|h Africa.

The results of the study are to be us¢_d in determining (1) whether each DSIF

station is to be autonomous in that it possesses its own intelligence center capable

of generating deep sp_ce probe command information based upon interpretation of

information previously received from the probe or, (2) if it is to have wideband

communications with a centrally located intelligence center which performs this

function for all three DSIF utations. When the DSIF stations possess their own

intelligence center, the facilities required for communicating between DSIF stations

can consist of low data rate (TWX) and/or voice cham_.els. When the DSIF stations

are dependent upon a centrally located intelligence center for generation of probe

command information, the facilities required for communicating between stations

and the intelligence center must be capable of higher data rates and refined reliabilities.

1-1 .
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A comprehensive study of the costs, availability,reliability,and information

rate capabilityofboth leased and privatelyowned facilitieshas been made to enable

the Jet Propulsion Laboratoriesto decide on the type ofinterstationeommuni_atio_

system to employ. Several common carriers offeringleased services between the

required locationshave been querried concerning the four items listedabove and

the resultsare incorporatedin SectionIV of thisrepert. In addition,the magnitu "3

ofthese items have been determined for privately-ownedfacilitiesfor a three, four_

five,and six sta'doncomplex. The three stationcomplex investigatedconsistsof

stationslocatedat each ofthe three DSIF stationlocations:Go]dstone, Woomera, and

Johannesburg. The four stationcomplex investigatedconsistscf _tationslocatedat

each of the three DSIF stationlocations,plus a relay stationlocatedin tilevic_mity

ofPatrick Air Force Base, Florida. The PAFB _'tationwillfunc_(onstrictlyas a

relay station,and willbe connectedto the Goldstone DSIF stationby wire lines. The

fivestationcomplex investigatedconsistsof '.he,_ctr_atio_:co'_npiexplu_ a relay

stationlocatednear Antof._gasta,Chile,v,,hic_,would serve as a dual purpose clay

Jr.thatitcould relay to eitberthe Woomera or theJohanaesburg DSiF statlo_:,.{'he

six station complex investigated consism o_" '_ur station complex, plus a _Ve_..

relay station loeb, ted ii. the Hawaiian Islar.ds _md an East relay station _o_,at_. _ ,

Ascension Island.

This report describes the approach used in pe_'for_c_mg this stu_ _ :._ction II

describes the types of communication facilities studied, Section III gi ','_¢,the details

of the propagation and reliability study performed, Section IV describes the service

or equipment used in the study, Section V details the costs of the differenc services

investigated, Section VI contains the summary of the study, and Sect:on VlI states

the conclusions.

1-2
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Section II

TYPES OF COMMUNICATION FACILITIES

1. GENERAL REQUIREMENTS.

The communication facilities ultimately seJect¢c by the Jet Propulsion

Laboratories must provide reliable point-to-point commuhlcattoI,s between the three

Deep Space Instrument Facilities located at Goldstone, California; Woomera,

Australia, and Johannesburg, South Africa. The selectiol, of tile final system will

be made from a list of representa*ive systems and will provide one of the thirteen

services listed below.

1. Two leased TWX channels

2. Two privately-owaed TWX ehmmels, plus or e privately -owned 1 kc voice
channel

3. Two privately-owned TWX channels, plus two privmGly-owned 5 ke

analog channels

4. One hundred fifty bits per second digital chamml

5. One thousand fifty bits per second digital channel

6. Three thousand bits per second digital channel

7. Five thousand twenty-five bits per second digital channel

8. Ten thcusand fifty bits per second digital channel

9. One hundred cps : _ndwidth analog channel

10. One thousand cps bandwidth analog channel ,

11. Three thousand cps bandwidth analog channel

12. Five thousand cps bandwidth analog channel

°_ 13. Ten thousand cps bandwidth analog chamml

2-1
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A study of the communication capabilities of both |eased and privately owned

facilities has been made, and the results of this study tabulated in tables 6-1 through

6-4 and are shown graphically in figure 6-1 through 6-4 in Section VI of this report.

2. LEASED FACILITIES.

Facilities available for leasing from common carriers utilize wire lines, high

freque._-;y radio and combinations of the two. For example, the routing of a message

from Goidstone, California, to Woomera, Australia, would be via wire lines to San

Francisco, California, h-f radio to Sydney, Australia, and wire lines to Woomera,

Austr._lia, Major advantages offered by leasing of facilities from common carriers

include:

1. Sr'._ll expenditures for capital equipment.

2. Facilities may be releabed when the requirements have ceased.

Major disadvaatages of leasing facilities from common carriers include:

1. Customer has no control over equipment outage times.

2. Facilities of more than one commercial carrier required. Therefore, t.he

overall reliability is dependent upon the poorest facility with the possibility
that outage times for all carriers may occur in series rather than parallel.

3. Maximum data rates and bsndwidths are restricted to existing facilities.

3. PR1VATE LY-OV_2_IED FACILITIES.

F:_eilities that can be privately owned consist of international radio facilities.

Because of tLe distances sepax sting the DSIF station locations, the only economical

&pproach is to use high frequency radio circuits for communications between these

stationu. For a three-station commtmications complex, it is possible for all

_ommunications to Le carried by radio circuits. For the other complexes studied,

leased lines will be required between the Goldstone DSIF station and the relay station

2-2
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located in Florida. Major advantages offered by privately-owned facilities include:

1. Greater capability and versatility in that it may be modified for tree with

any specific program.

2. Readily ava:la_ble when reouired.

3. Maintenance can be scheduled for periods of inactix_ity.

4. Reliability is dependent upon the reliability of the radio circuits.

Major disadvantages of private owned facilities include:

1. Expenditure for capital equipment.

2. Maintenance costs continue during periods of inactivity.

2--3
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Section III

PROPAGATION STUDY

1. OBJECTIVE

This report presents the results of a HF propagation study to determine the

communication reliability of a communications net which will pe=mit an exchange of

information between both Goidstone-Johannesburg and Goldstone-Woomera. Commu-

nication reliability is defined as the percentage of the year that Goldstone can conduct

99.9 per cent quality communication with both Woomera and Johannesburg, either

directly or through terminale and/or relays; (paragraphs 2c and 2d contain complete

definitions of communication quality and reliability). Factors which must be taken

into corm='deration for the achievement of this ._bj._ctive are:

1. Time period involved

2. Bandwidths (information rates) and meth.xl of coding (digital or analog)

3. Permissible error rate

4. Transmitter power and antenna gain

5. Effect of added terminals and/or relays

The first three of these factors have been specified by JPL; the only remairAng

variables are transmitter power and antemm gain, and the geographical configuration

of expanded communication complexes." Therefore, the cor.elusion of this propaga-

tion study will state communication reliabilities (parametric in time, bandwidth,

coding, error rate, transmitter power and antenna gain) for those geographical

configurations which were considered praeticM. No attempt has been made to obtain

3-1
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$

an optimum geographlcal configuration strictly on the basis of reliability since

budgetary limits and logistics also influenced the nu_r_r.er and location of suitable

terminal and relay sites.

2. GENERAL CONSIDERATIONS.

: a. TIME PERIOD INVOLVED.

The time period involved, c_.lendar year 1962, is important in that the cyclic

solar activity will influence critical frequencies and absorption. By plotting the mean

annual Zurich sunspot mmabers since 1946, the eleven year cyclic trend was estab-

lished and a predicted value of 69 was estimated as the mean annual sunspot number

for 196._; see figure 3-1_ A plot of the annual means dating back to 1835 revealed that

this procedure is suffic'e_,.tly accurate for the intended use.

b. BANDWIDTH_ (INFORMATION RATES) AND METHOD OF CODING

(DIGITAL OR ANALOG)

The bandwidths that were investigated may be summarized as follows:

Digital channels Analog channels

0.1 kc 1.0 kc
1.0 kc 3.0 kc
3.0 kc 5.0 kc

5.0 kc 10.0 kc
10.0 kc

Digital channels were assumed to employ binary coding with predicted wave

signaling tecl_niques, which represent the latest advance in the present stats of the

art. Bit rates corresponding to a particular bandwidth for he digital chmmels may

be obtained from the classic equation using a signal-to-noise ratio of unity.

S+N

C = BW log 2 N

C = channel capacity in bits per second

BW = bandwidth of facility in cycles per second

3-2
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It should be pointed out that the projected performance of digital _chniques can

be based upon a wealth of published experimental results, where as this background

is not available for We analog coding techniques. In addition, *he advantages of

diversity receiving techniques are probably nut reaiized to the same degree with

analog coding.

c. PERMISSIBLE ERROR RATES.

The maximum pecmissible error rate has been standardized as 0.1 per cent

in this study, and shall hereafter be referred to as a communication quality of 99.9

per cent. Communication quality of 99.9 per cent inplies that of 1000 transmitter

#its _. minimum of 999 will be received correctly. This definition is applicable only

to digital coding techniques, and a corresponding definition to evaluate the quality of

an analog channel cannot be stated as precisely.

d. TRANSMITTER POWER AND ANTENNA GAIN.

Based on past experience, a transmitter power of 1O kw was selected for use

throughout this study. Antenna gains (transmittiDg and receiving) were assumed to

be 9 db, which is quite representative of a number of h-f antennas it, present use. A

specific antenna type, classed as the logaritlnnic periodic structure is co__,_idered

particularly suitable for the intended applications. However, the calcu_lations are

applicable to any h-f antenna with a comparable gain.

e. EFFECT OF ADDED TERMINALS AND/OR RELAYS.

This factor comprises the bulk of the propagation study, and is evaluated by

the communication reliability percentage. An explanation of communication reliability

percentage rather than a definition is necessary for roll appreciation of the interplay

of factors involved.

3-8
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: Consider all stations in the D_I} _,ommunications complex including terminals

and relays, if applicable, in continuous operation for a period of one ye_. The

communication reliability is the percentage of the year that Goldstone can conduct

99.9 per cent quality communication with both member DSIF's, either directly or

through a terminal, relay or member DSIF.

Since at least two operational DSIF links are required for a complete circuit,

the communication reliability percentage at any particular instant must necessarily

be based on the link with the greatest signal degradation. This procedure, plus the

inherent pessimism of the Signal Corps long term propagation predictions (used in

conducting this study) permit the stated communication reliability percentages _o be

considered as expected minima. The circuff outage time which is responsible for

the varying communication reliability percentage is caused either by ionospheric

nousupport of propagation or excessive absorption and invariably affects only two of

the three basic DSIF links. Outage time when present will occur in a rather orderly

manner, usually on a daily basis. It_ appearance and extensiveness are dependent

upon the equinox or solstice seasonal period involved.

Solar activity, which cannot be predicted except on a statistical basis, may

hamper communications for short intervals. However, an allowance for this factor

has been included in the communication reliability percentages. Sudden ionospheric

disturbances may occur without warning and will degrade circuit performance during

daylight hours. Magnetic storms will also degrade circ_' performance, but NBS in

Boulde, r, Colorado issues warnings which predict the condition at least 48 hours in

advance.

3-4
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o TERMINAl, AND RELAY SELECT',ONS.

a. SELECTION CONSIDERATIONS.

Tbe terminal and relay locations chosen for expanding the basic three-station

complex and the considerations which led to their selection are listed below:

Patrick 1. can be conveniently tied to Goldstone by hard line

(terminal)

2. proximity to Cape Canaverr'

3. logistically excellent

Hawaii 1. practically a Hobson's choice--only alternative is Guam

(relay)

2. logistically good

Ascension 1. last st/ition in the Atlantic missile dowrange system

(relay)

2. logistically fair

Antofagasta 1. present site of a U. S. Minitrack station
(relay)

2. may serve as a dual purpose relay

3. logistically fair

b. OTHER SITES CONSIDERED.

A number of other relay sites were considered, and are listed to indicate the

field from which the aL_rementioned sites were selected.

Recife, Brazil

Puerto Rico

Guam

Christmas Island (USA)

Maldive Islands

Dakar, F.W.A.

3-5
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Of these, only Puerto Rico and Guam are considered worthy of special mention.

Time did not permit an analysis of their effectiveness relative to the sites actually

studied. However, it is quite doubtful that any significant improvements would be

imparted.

(a) Puerto Rico may prove to be an excellent relay for the Goldstone-

Johannesburg link if a stateside terminal (Patrick) cannot be established.

(b) If Guam can be considered on a logistic level with Hawaii, its use in

place of Hawaii would mildly improve the Goldstcne-Woomera link.

4. PRELIMINARY EVALUATION OF EACH COMPLEX.

a. CRITERIA.

Rather than completely evaluate the communication reliability percentage for

each complex considered, a relatively simple criterion was established for rejection.

Coincidental outage time (two links out simultaneously) resulting from nonsupport of

propagation will isolate Goldstone from at least one DSIF. The coincidental outage

time which exceeds the coincidental outage time of the basic _r three-station complex

(stations at the three DSIF's) affords a basis for rejection. In addition, total outage

time must be kept in mind, for an excessive amount indicates an inherently weak link.

A minimum of coincidental outage time is a necessary, but not suffioient condi-

tion for the selection of an optimum complex. It is conceivable that a conLplex may

employ an extra relay which does not reduce th_ coincidental outage tim_ appreciably

but which provides a gain in received signal strength sufficient to Justify its inclusion.

b. OUTAGE TIME FROM NONSUPPORT OF PROPAGATION.

Outage time resulting from nonsupport of propagation as used in this re_ort

occurs when the E-layer penetration frequency (E-layer cutoff) exceeds the F2-1ayer

FOT. A degree of conservatism has been injected by excluding periods whcn the

3-6
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difference, F2-FOT minus E-cutoff, is les_ than 4 mc. The stated outage times

are thus pessimistic in two respects:

1. F2-FOT was used rather than F2-MUF

2. Restrictions to bands of 4 mc and less were excluded

E-layer penetration frequencies and F2-1ayer FOT's were obtained by standard

methods for _unspot Lumbers 0 and 130 from Tecbmcal Report No. 8 issued by the

Signal Corps Radio Propagation Agency. Nomogram conversi¢ _ to sunspot number 69

was accomplished, and the results were tabulated on IBM cards. This required the

frequencies to be quantized in 2 mc steps along with the normally quantized 2 hour

time periods.

c. OUTAGE TIME INVESTIGATION RESULTS.

Various links were presented to the IBM 604, and the printed results were very

descriptive in a graphical sense, as shown in figure 3-8. Figures 3-9 and 3-10

contain the composib_ results of the outage time investigations, and an interpretation

of these follows.

A rapid evalual;ion of figures 3-9 and 3-10 is in itself sufficient to reject

Antofagasta as a relay, in spite of its dual purpose role. When this drawback is

compounded with the expected logistical situation, there is nothing to justify furthel

consideration of this site. Attention will thus be focused on an expansion employing

combinations of Patrick, Hawaii, and Ascension. Figure 3-11 charts the reduction

in coincidental and total outage time :_s the terminal and relays are brought into play.

Although justification for Patrick and Hawaii becomes quite apparent, Ascension adds

very little to the cause. Ascension, however, will be carried forth for signal strength

analysis with intuitive reasoning as the justification.

3-7
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;i Figures 3-9 and 3-10 are based on the use of four operating frequencies, which

fall within the following four frequency bands:

8 - i0 me

12 - 14 mc

16 - 18 me

20 - 22 me

It is recomu_ended that the operating frequencies be spaced at intervals of not

less than 4 mc; intervals less than this _re undesir_J_le even though they fall within

the allowable frequency bands:

The one-hop (F2-Layer) links between Goldstone-Hawaii and Johannesburg-

Ascension present no problems regarding operating time, operating frequencies and

signal strengths.

5. FINAL EVALUATION OF EACH COMPLEX.

a. RECEIVED SIGNAL STRENGTHS

The next step in the selection of a suitable complex is to determine the received

signal strengths for the various sites in a manner which will permit a signal-to-noise

conversion for the specified bandwidths.

The variation of absorption with frequency must be accounted for if accurate

received field strengths are to be determined. A complete accounting becomes very

involved since it would require the assignment of a number of operating frequencies
/

to each station in the complex for a 24-hour period, and these would vary according

to the complex studied. This situation forced a compromise to be effected in the

interest of completing the study within the available time. The only operating

3-8
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frequency used in this study and though it might be argued that this choice is a bit

high, justification is based on tile fact that experienced station operators will normally

work ab_,:_ the pess_nistically predicted frequencies.

Determination _f the received signal strengths ca_ be accomplished by the

_imple but time consuming process described in section 7.7 of NBS circular 462. The

entire method is straightforward and the only chance for deviatior is in selecting

the values used in calculating the solsr activity factor. The values used in this

study were as follow s:

predicted .qnnual mean sunspot number 69

Q = 1 + 0.005(69) = 1.3_,

J = 1.15 (dependant upon terminal location)

Ad :- JQKd

kd is obtained from absorption charts and nomograms.

The tabulated values of received sigllal strengths, figure 3-12, must be

interpreted with the following factors in mind:

(1) ERP is 90 kw

(2) values are db above 1 uv/m

(3) values correspond to hourly median values for 50 per cent of the days

From a practical standpoint, these tabulated v_ues are not significant until a

specific bandwidth and threshold are defined.

b. SIGNAL TO NOISE.

The presence of atmospheric, galactic and man-made ncis_ necessitates an

adjustment of signal-to-noise ratios, but exact compensation for these factors becomes

quite involved. IIowever, assuming a sacrifice of the total receiving antenna gain

3-9
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(9db) permits the further assumption that noise variations will not exceed 1 uv/m.

This exchange is extremely liberal a major portion of the time.

The required nonfad_ag carrier-to-noise ratio for 90 per cent intelligibility of

low grade double sideband radiotelepbouy establishes the reference threshold at the

generally accepted value of 13.8 db, and, as previously justified, the 13.8 db is

referred to a noise !evel of 1 uv/m. (14 db was used for all calculations.)

c. BANDWIDTH CONVERSIONS

Bandwidth conversions relative to the refer_ence threshold are, based on

experimental service gains established by the Signal Corps. The table given below is

based on 9_. 9 per cent communication quality and the use of a two element space

diversity receiving system.

.Bandwidth Signal in db above reference level of 1 uv/m °

1.5 kc 9 (i_

1.7kc 9db _ 10db (See figure 3-13)
i. 7 kc 11 db )
3.0 kc 12 db

SignaJ Corps data was not available for the 0.1 kc bandwidth, but since the

Signal Corps data and Collins Kineplex data at other bandwidths were in good

agreement, a CollitCs based value o_ -1 db was assigned to the 0.1 kc b,'mdwidth.

The establishment of signal--*o-noise ratios for the analog situation lacks the

solid foundation of previous experimental data. A signal-to-noise reference

threshold of 20 db was selected and bandwidth conversions are obtained by adding 6 db

to the corresponding digital bandwidth signal-to-noise ratio.

3-10
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1:_. 8 db digital threshold + 6 db = 20 db analog threshold.

No attempt has been made to define communtca*Aon quality f_r analog coding.

d. RELIABIL_rry I_ERCENTAGES

The combined effects of sky wave fading are accounted for in figure 3-14,

this plate, iv. conjunction with the calc_: _._ed received signal strengths, was used to

obtain the qtmrterly reliability percentages.

For example:

1 kc digital b_dth-threshold 6 _ (for 99.9 percent communication quality)

6 db is the signal-to-noise ratio required for 50 per cent of days reliability

For a two-h_ur time block sigval-to-noise ratio of 25 db, read 92 per cent
of days reliability

For a two-hour time block signal-to-noise ratio of 0 db, read 32 per cent of
days reliability

Each quarterly two-hour time block was converted to per cent of days reliability

in a like r_anner but only if figure 3-9 indicated that propagation was supported
5

during thil_ period. Nonsupport of propagation results in z_ro per cent of days

reliability and must be entered and averaged as such. Quarterly averages are

obtained on the basis of the following:

(1) Within a two-hour time block for a three-station _,_mplex with all three

links supporting propagation, select the Intermf_liate value of per cent of

days reliabfllty, since the weak link will not be treed.

(2) Within a two-hour time block for a Shree-statbn complex wish only two

P_uks supportlng propagation, select the lowest value of per cent of days

reliability.

" 3-11
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(3) Within a two--hour time block for a three-station complex with only one or

.

no links supportix, g propagatioa, enter zero per cent of days reliability

_cl include in the average.

An expansion of this criterion was utilized for the four-and six-station complexes.

A yearly average is formulated on the average quarterly averages. FiguL'es

3-15 and 3-16 preseut the bandwidth vs communlca_.ion reliability percentage for

digital and analog coding techniques for the year 1962.

The use of Ascension as a relay between Patrick and Johannesburg is now

justified on the. basis ef increased signal strength. Since a minimum improvement of

6 db is realized wheu absorption is slight, and a greater improvement is provided

when absorption becomes significant (figure 3-12), Substitution of 40-kw transmitters

(6 db increase) at Patrick and Johannesburg is not considered an expedient which

would warrant the elimination of the Ascension relay.

Figures 3-15and 3-16 represent the objective toward which the entire study has

been directed thus far.

6. _DDITIO_iA L CONSIDERAT',ONS,

Accurate knowledge of monthly circuit outage times may be obtained three

months in advance by use of CRPL series D propagation predictions. The use of

these predictions will only slightly modify the communication relisbility percentage

charted on figures 3-15and 3-16, HoWever, the option of excluding circuit outage

time by not attempting to operate is presented since the accuracy of the predictions

is quite good. If this option is exercised, an apparent communication reliability

percentage re_uits i.e. reliability when communication is supported. Figures 3-17

3-12
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and 3-18 show bandwidth vs apparent communication reliability percentage. The

distinction between communication reliability percentage and apparent communication

reliability percentage must be kept in mind when comparisons are made.

Since all the stated commtmication reliability percentages have allowed for

ionospheric disturbances caused by solar activity_ at, additional refinement ms}. be

applied ff forewarnings are available. Of the two ionospheric disturbances (SID's

and magnetic storms), only magnetic storms can be predicted.

NBS in Boulder, Colorado, anticipates 25 magnetic storm disturbances per

year with a duratiun of approximately 36 hours. They also anticipate 30 magnetic

storm warmags per year, normally supplied 48 hours in advance of the actual

ionospheric disturbance. Warnings are promulgated by air mail and teletype.

The severity of these disturbances is variable, consequently a precise improve-

ment in reliability cannot be determined. A 48-hour advance warning should permit

effective mission "scrubbing" with a minimum of last minute confusion.

Mention has been made of obtaining, ff possible, one and two month improve-

ments to the three month CRPL series D propagation predictions for further

reliability improvements. After due consideration, it has been decided that these

refinementg, if available, would add very little to the cause. NBS has attaiued an

accuracy with the three month predictions which render shorter term predictions of

little consequence.

A minimum of solar activity is expected during the years 1964 and 1965, and

this will require a revised set of calculations for the prediction of operating

frequencies and D region absorption will decrease during this period, and the over

al! _ffect will be a slight degradation in propagation c0nd,_ions as compared to the

year 1962.

3-13
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The rccommendation ofsophisticatedredundancy in conjunctionwith an error

< correcting scheme for the mitigation of multipath interference has been tentatively

rejected in favor of a transmitting and receiving refinement. It is felt that the

; employment of frequency and space diversity techniques will improve performance to

a level which approaches that realized by the applications of error correcting equip-

ment, and yet not add appreciably to the cost and complexity of the terminal gear.

At an error level of 1 in 103 bits, the addition of an error corrector would

resultin an equivalenttransmitterpower increase of only approximately 2 db. Since

biterror rates of ] in 105 or 1 hi 106, where more significantimprovement would be

obtained,are not required inthe present system, the complete ecf_pment required

for error-correctlngencoding and decoding does not appear justified.Analysis shows

thatmost of the advantages soughtby the use ef error correctingcodes can be

obtainedthrough the proper use offrequency diversity.

Itis desired to increase the usefulperiods of transmission by providingmore

reliablecommunication during the opening and closingfew minutes of a path which

are characteristicallymarked by severe muRipath fading. To thisend the use ofbit

to bitfrequency diversityprevents the loss of successivebitsof the transmission in

a singlefade Period. The high inherentbitto bitcorrelationin the data resulting

from the encoding ofa signalscanned from a photograph can then be used to restore

missing bits. R can be shown thatbitto bitfrequency dive_'sityof thistype will

provide improved operationequivalentto a transmitterpower increase of 10 db at

error rates of 1 in 1,000.

An effective increase in transmitter power achieved either by actually

increasing the transmitter output or by the use of frequency diversity or error

3-14
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correcting codes as indicated above will improve over-all circuit reliability by pro-

viding acceptable copy during those periods at the beginning and end of a time period

when the ionosphere will support transmission, but which are characteristically

marked by rather poor signal strengths and severe fading. Characteristically, as the

E-layer penetration frequency decreases, permitting the transmission of high

frequency radio signals over long distance by means of reflections from the F 2 layer,

a short period of unstable signals occurs which will be followed by a relatively long

period of stable conditions. Again, as conditions change, a short period of poor

unstable signals will exist before transmission becomes impossible on the chosen

frequency. It is apparent that improvement of signal-to-noise ratios during the poor

signal periods will increase the total percentage of time when the circuit is useable.

It is also apparent that this increase will be relatively slight since the duration of the

stable signal periods is long compared to the duration of the poor signal condition.

These effects are clearly apparent in the tables included at the end of this section.

An evaluation of circuit reliabilities over the circuits considered in ms study indicate

that an effective increase of 10 db in transmitter power w'_U res_dt in increases in

circuit reliability up to 6% at the error level of 1 in 1,000 which has been accepted

as standard.

With high bit to bit correlation expected, an error correcter in its simplest

lorm may be used in conjunction with frequency diversity. Assuming the proposed

encoding of amplitude signals into eight levels, this simple error correotor or

modifier "prints" levels which are the averaged values of the flanking levels when a

level has been lost in transmission. Slight errors will be introduced by this method

when the integrated levels are correct and sharply contrasted; however, more errors

will be corrected (or modified) than introduced.
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Figure 3-1. Mean Annual Zurich Sunspot Number, 1946 through 1963
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Figure 3-3, Great Circle Chart
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Figure 3-5. Four-Station Complex Great Circle Routes
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Figure 3-19. Received Signal Strength, All Stations
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Figure 3-13. Digital Bandwidth vs Signal-to-.Noise for
Two-Element Receiving Antenna
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Figure 3-14. Reliability vs Signal Strength
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Figure3-15. B_ndwidthvs CommunicationR_llability
forAnalogCoding
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Section IV

SERVICES AND EQUIPMENT DESCRIPTIONS

1. LEASED SERVICES.

A survey was made of the services available for leasing from commercial

carrier_ between the locations of the DSIF stations. Two common carriers were

outstanding Jn that they can provide services not offered by any of their competitors.

Within the continental limits oi"the United States, American Telephone and Telegraph

can provide a total of six different services, three more than offered by the,tr

competition. For international services, RCA Communications Incorporated is the

only csrrier that can provide direct routes to both Australia and Union of South

Africa over its own facilities. Tariffs for either the zuntinental services or the

international services are subject to FCC approval, thus the costs for like services

are identical irregardless of which common carrier supplies them.

RCA Communication _acilities terminate at specific cries in Australia and the

Union of South Africa, therefore services have to be leased from local common

carriers. The terminal city in Australia is Sydney and services will have to be

leased from the Telecomm_mications Commission of Australia for connection to

Woome_a. Local service from Woomera to the DS1F site can also be supplied by this

organization. The terminal city in the Union of S_uth Africa is Johannesburg.

There¢ore service from the city ta the DSIF site will have to be ieased from _he

Department of Posts and Telegraphs.
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_ a. AMERICAN TELEPHONE AND TELEGRAPH FACILITIES.

The/_merican Telephone and Telegraph Company can provide 60-, 7._-, and

100-word per minute teletype circuits, 3-kc voice circuits, 5-kc data circuits, and

10-.kc data circuits wit,hin the continental limits of the United States. The costs for

these services between different cities in the United States and from Oakland,

California to the Hawaiian Islands are shown in table 4-1.

i
The monthly cost figures f_)r the 5- and 10-kc data circuits are based upon the

established tariffs for radio network circuits between the cities shown and are no

more than a budgetary cost figure. Before firm quotations can be made for either

one of these two types of circuits, the following information must be supplied to AT

and T engineering.

1. The allowable signal-to-noise ratio

2. The type of signal to be transmitted

3. The information rate (bits per second) to be transmitted

4. _ .m allowable frequency delay characteristics

5. The levels of transmission

6. The variations in levels of transmission
e

7. The permissible outage time

8. Can the service be released for maintenance

9. Will the transmission be one way or two _ay

10. '71!! _gnalltng be required for coordination

_ 11. Will impulse noise be critical

._ Upon submission of this informat_.on, a firm rate will be established and

submitted to the F_:C for approval, A minimum time interval of ninoty days will be

r
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required Lefore the service is available. All other services offered by this company

are available within a period of fourteen days from receipt of orders.

b. ._CA COMMUNICATIONS, INCORPORATED FACILITIES

RCA Communications, Incorporated, can provide 60 word per minute teletype

circuits, 60 or 100 words per minute teletype circuits equipped with ARQ, 180 bits

per second rate data circuits, and facsimile circuits between New York City and

Madrid, Spain or Johannesburg, Union of South Africa and between San Francisco and

Sydney, Australia on a continuous basis. The _osts for these services are shown in

table 4-2. Reliabilities of 96 percent for these circuits have been quoted by RCA

Communications. However, the percent reliability is vn average of the reliabilities

over the past eight months, a period when high frequency propagation has been

exceedingly good. For long range reliability, the services offered by RCA can be no

better than those of a privately-owned facility because the circuit reliability of both

are dependent upon the vagaries of high frequency propagation. Under ordinary

circumstances and dep_,ding upon the type circuit ordered, the circuits are available

within a period of fourteen to sixty days from receipt of order.

c. AI,L AMERICA CABLES AND P_kDIO FACILITIES,

The All America Cables and I_dio Company wan provide 60 or 100 words per

minute teletype circuits and data processing circuits (no information rate supplied)

betwee," New Y..k City and Madrid, Spain. This company will not normt.'.ly quote on

- serv ___s _ Australia Or Union of South Africa because they cannot provide dire£t

communh_ations. How6¢er they recommend using RCA Communications, Incorporated,

facilities for communicating with these two countries. The costs for the services to

Madrid via this carrier are shuwn in table 4-3,
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d. TELECOMMUIXUCATIONS COMMISSIC._. OF AUSTKALI_ FACILITIES.

The Telecommunication Commission ofA,_stra]lacan provide the same

faoi!itiesas offeredby RCA Communications, Incorporated. The costs for the

differentcategoriesare shown intable4-4 for eircu]_ between Sydney __d Woomera,

Australia.Ordersfortherequiredaervicecan be pl_ced_th RCA Communications

andwillbe availableconcurrentwithsame servicefrom RCA. Localizedservice

, from Woomera to the DSIF station location has not been included in this study because

the exact location of the station with respect to Woomera is unknown.

e. DEPARTMENT OF POSTS AND TELEGP.APHS-UNION OF SOUTH AFRICA.

The Department of Posts and Telegraphs can provide the same facilities between

Johannesburg and the DSIF station location as offered by RCA Communications,

Incorporated, between New York City and Johannesburg. Orders for the required

service can be placed with RCA Communications and will be available concurrently

with the same service from RCA. These costs have not been included as part of this

study because the exact location of the DSIF station with respect to Johannesburg is

unl_nown.

2. PRIVATELY OWNED FACILITIES.

.

A number of different comm_uic_tion complexes were investigated as discussdd

in Section IH. The first to be investigated was a three-station complex with communi-

cation station_ located at each of ;:he DSIF station locations, When the im, estigation

indicated that the r_lir,bi'At._es of _ threer:_tation c_mp!_x were lovrfor the higher data

rates and wider bandwtdths, a fourth station located near Patrick Air Force Base,

Florida was added. This four-station communication co:nplex would utilize the station

near PAFB a_ a relay on the Goldstone-,loh_ _es,_'_rg Hn', and would be c0nnect_a to the
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Goldstone facilities via leased wire lines. A five-_tation communication conzplex

utilizing a shared relay station located near .4utofagasta, C_Ale was also investigated,

but propagation conditions between Chile and Australia or the Union of South Africa

were so poor bat this compl_x was eliminated early Luthe study. A six-station

communication complex made of the four-station complex plus a relay _tation located

in the Hawaiian Islands and a relay station located on Ascension Island was the last

complex to be investigated.

a. THREE-STATION COMMUNICATION COMPLEX.

The three-station communication complex has a communication station located

at each of the DSIF station locations. The stateside station located at the Goldstone

DSIF site wo'_id be equipped with the following major equipments:

2 single side band exciters {one for back-up)

3 single side band receivers (one for back-up)

2 1O-kw linear amplifiers (one for back-up)

1 set of terminal equipments (type to be compatible with the communication
option selected)

3 rotatable broad-band antennas

2 100-kw diesel generators (one for back-up)

For _c analog channel optious, two frequency modulated exciterP would be

substituted for the single side band exciter_ and a f m detector module would be

supp!i_._ as part of the single sideband receivers.

The communication statio_ located near the Woomera and Johannesburg DSIF

stations would be equipped _o serve as rel_:_ s_ations. This permits either the

Woomera or Johmmesburg station to relay information thcough each oth,qr when direc_

. communication to the Goldstone station is impossib_.e. Major equipments to be in-

stalled at these-two stations are as follows:
4-5
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3 single s_deband exciters (oae for back-up)

5 single sideband receivers (one for back-up)

3 10-kw linear aniplifiers (one fo_"back-up)

2 sets of terminal equipments (type to be compatible with the communication
option selected)

6 broadband antennas

2 100-kw diesel generators (one for back-up)

For the analog channel optione, three frequency-modulated e×citers would be

substiblted for the single sideband exciters a fm detector module would be st_pplied

as part of the single sideband receivers. Initial and operating costs for the three

station complex are tabulated in Section V of this report.

b. FOUR-STATION COMMUNICATION COMPLEX.

The four-station communication complex has a communication station located

at each of the DSIF station locations plus a relay station located in the vicinity of

Patrick Air Force Base, Florida. The station located near PAFB is to be connected

to the Goldstone facility by leased _ire lines. Terminal equipment included as part

of this station could be installed at the Goldstone site, thus eliminating the need for

additional terminal equipment for the cross-country wire line facility. Both of the

stateside stations would be equipped with the following major equipments:

2 single sideband exciters (one for back-up)

3 single sideband receivers (one for back-up)

2 10-kw linear amplifiers (one for back-up)

1 set of terminal equipments (type to be compatible with the communications
option1 selected)

4-6
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3 broadband antennas

2 100-kw diesel generators (one for back-up)

r or the analog channels options, tvlo frequency modulated exeiters would be

substituted for the single sideband exciters and an fm dete,_tor module would be

supplied as part of the single sideband receivers.

The communication stations located near the Woomera and Johannesburg DSIF

stations would again be equipped to serve as relay stations for the same reason as

detailed in the discussion of the three station communication complex. Major

equipments to be installed at these two stations are as follows:

3 single sideband exciters (one for back-up)

: 5 single sideband receivers (one for back-up)

3 10-kw linear amplifiers (one for back-up)

2 sets of terminal equipment (type to be comPatible with the communications
option selected)

6 broad band antennas

2 100-kw diesel generators (one for back-up)

For the analog channel options, three frequency modulated exciters would be

substituted for the single sideband exciters and a fm detector module would be

supplied as part of the single sideband receiver§. Initial and operating costs for the

t_hree station complex are tabulated in Section V of this report.

c. FIVE-STATION COMMUNICATION COMPLEX.

A five-station communication complex consisting of the four stations plus a

dual-purpose relay located near Antofagasta, Chile, was h._vestigated. The propaga-

tion study indicated that the Chilean location for the dual-purpose relay location was
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poor and the length of _ime allocated for this report did not permit further exploration

for additional site locations for a dual-purpose relay static a.

d. SIX-STATION COMMUI_CATI3N COMPLEX.

: The six-station communication complex has a communica_.ion station located

at each of the DSIF station locations plus three relay stations, one in the vicinity of

Patrick Air Force Base, one in the Hawaiian Islands, and one on Ascension Island.

The relay station located near PAFB would be connected to the Goldstone facility by

leased wire lines. Terminal equipment included as part of this station could be

installed at the Goldstone facility thus eliminating the need for additional terminal

equipment for the cross-country wire line facility. Both of the stateside stations would

be equipped with the following major equipments:

2 single sideband exciters (one for back-up)

3 single sideband receivers (one for back-up)

2 10-kw linear amplifiers (one for back-up)

1 set of terminal equipments (type to be compatible with the communications
option selected)

3 bro'_Jband antennas

2 100-k_ diesel generators (one _'or back-up)

For the analog channel options, two frequency modulated exciters would be

substituted for the single sideband exciters and afm detector mc, dule would be

supplied as part of the single sldeband receivers.

The communication stations located near the Woomera and Johannesburg DSIF

station locations and the relay _tations located in the Hawaiian Islands and on

Ascension Island would be identical in major equipment complement. This complement

consists of:
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3 single sideband exciters (one for back-up)

5 single sideband receivers (one for back-up)

3 10-kw linear aml:iffiers (one for back-up)

2 sets of terminal equipments (type to be compatible with communications

option selected)

6 broadband antennas

2 100--kw diesel generators (onw for back-up)

For the analog channel options, three frequency modulated exciters would be

substituted for the single sideband exciters and a f, detector module would be

supplied as part of the single sideband receivers. Initial and operating costs for the

six-station complex are tabulated in Section V of this report.

e. EQUIPMENT DESCRIPTIONS.

In order to completely define the areas covered by this study, a brief descrip-

tive specification of the equipment.q to be utilized in the privately owned facilities has

been included in this report.

(1) SINGLE SIDEBAND EXCITERS. The exciters used in this study for the

transmission of digi_al data and voice communication options are manually-t,_ned,

high-_requency, rack-mounted exeiters. They provide selection of 28,000 channels

s_aced at h:,_rwls of 1 kc in the range of 2.0 to 30.0 inc. The exciters are avai!able

in either 3-kc or 6-kc bandwidths on either sideband. A selector switch provides the

means for switchir.g the outputs for upper sideband, lower sideband, independent

sideband or amplitude modulated emissions. The exciters ar3 used with a high-stability

oscillator which provides a frequency stability of one part in 10 8 per day or better,

thus eliminating the need of transmitting a pilot carrier. Operating frequency is
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• indicated upon a direct reading dial and frequency selection is controlled by two

controls, a bandswitch selector that permiss selection of _2e of the four bands of

frequencies and the dial control that selects the operating frequency in the particular

band.

(2) FREQUENCY MODULATED EXCITER. The exciters used in his study for

the transmission of analog data are manually-tuned, high-frequency, rack-m.-,mted

exciters. They provide excitation frequencies in the range of 2.0 to 30.0 inc. The

exciters contain a variable frequency deviation control permitting excitation at band-

widths of 1, 3, 5 or 10 ki!ocycle3. The response of the audio sections is within 1 db

over a frequene.y range of ]./15 of a cycle to 10-kc.

(3) RECEIVERS. The receivers used in this study for receiving all types of

data or voice transmissions are manuaUy tuned high-*requency rack mounted

receivers. They provide selection of 28,000 channels spaced at intervals of 1 kc in

the range of 2.0 to 30.0 inc. The receivers are available in either 3-kc or 6-kc

bandwidths _,_ either sideband. A selector switch provides the means for switching

to receive emissions on uppersideband, lower sideband, or independent _deband,

and amplitude modulated or frequency modulated emissions. The receiver is us6d

with a high-stability oscillator which provides a frequency stability of one part in 10 8

per day or better. Operating frequency is ilidicated upon a direct reading dia2 and

frequency selection is controlled by two controls, a bandswitch selector that permits

selection of one of the four bands of frequencies and the dial control that selects the

operating frequency In the particular band.

• (4) LINEAR AMPLIFIER. The linear amplifier used in this study is a 10-kc

peak envelope power amplifier. Although it has been specifically designed for higa
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performance single stdeband service, it is equally capable of amplff)ing any type of

signal having an r-f power of 0.1 watts and a bandwidth of no more than 16 kc to the

10-kc PEP level. It is a manually tuned equipment, but phase detectors provide an

accurate indication of resonance on a zero-center meter. Dial settings can be accura-

tely logged for relative quick channel changing. The amplifier contains its own integral

power supply and requires a mounting area of only 3-1/2 square feet of floor space.

(5) TERMINAL EQUIPMENT. The digital data terminal equipment used in this

study is an efficient, high-speed, high-capacity data termiual. It is highly flexible and

can be tailored to fit any particular requirement. Basically, it consists of modular

units each of which provide a bit rate capability of 75 bits per second. Thus, if a bit

rate capability of 1050 bits per second is required, fourteen separate modular units

wil! provide this capability. The equipment features a diversity phase--shifte system

using predicted wave signalling teclmiques that are required for the signal quality

of. 001 binary error rate used in this study. The module mounting plates fit any

standard 19-inch relay rac_:.
i

(6) ANTENNAS. The antennas used in this study are compact widebaud

an6ennas that require a minimum of real estate. They have the following features:

a. Essentially constant impedance and good radiation pattern over a band
from 6.5 to 60.0 mc

b. Elimination of the need of using several struetures in an antenna installa-

ticn to cover the full range of frequencies

c. Performance comparable to a four-element yagl but over an extremely
wide frequency range

d. Flexibility of operation, ;v!th the antenna mounted on a rotatable mast to

provicie 360 ° azimutlml coverage where required

4-11
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_ e. Rugged construction to withstand severe environmental conditions for
long ]fie and reliable performance

f. Erection r-an be made rapidly without the need of heavy equipment

J g. Maximttm real estate requirements are only 12,100 square feet including
_: guy wires. The base of the antenna only requires a 7 foot by 5 foot

mounting area

i
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SectionV

COSTS

1. LEASED SERVICES.

The budgetary cost figures for leased services for twx channels interconnecting

the th:-ee Deep Space Instrument Facility Stations and having a reliability of at least

60 per cent are shown in figure 5-1, which _so indicates the routing required. The

costs shown are for one twx channel to the terminating cities of Woomera and

Jo_esburg and do not include the costs for services from these cities to the DSIF

stations sites because their locations are unknown.

2. PRIVATE FACILITIES COSTS.

a. FIXED COSTS.

The fixed costs for the privately owned facilities are made up of equipment

costs, building and facilities cost, installation costs, and shipping charges.

The budgetary equipment costs shown in figures 5-2 through 5-4 include the

costs of the major equipments, custom-built equipments required for specific

locations, back-up equipments, spare parts, and the systems engineering costs

necessary to define the system design, to prepare specification, to prepare test

procedures, to prepare bills of matvr!als, and the system engineering effort

necessary to provide an efficient and reliable comm_:_._cation system, For each

system shown the costs provide-for full-duplex facilities, space diversity reception,

and power generating equipment.
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The building and facilities costs shown are budgetary estimates for

construction of one 400 square foot building from local materials, the necessary.

water and sewage facilities, heating, and air conditioning. In making these estimates,

it has been assumed that all radio equipments wo_fld be located at a single site, thus

one building and one set of facilities will be sufficient. It has also been assumed

that the geology of the sites selected are such that a water supply is readily available

for drilling and that a septic tank sewage system will function properly. Costs of

real estate procurement, construction of access roads, and a building to house the

power generating equipment have not been included.

The budgetary installation costs shown provide for complete installation and

testing of all the site_ contained in each complex. This includes installation of all

antennas and equipments, burial of coaxial cable, and the installation of leased wire

lines for the complexes requiring them. It has been assumed that billeting and

messing facilities as well as local transportation will be available to the installation

personnel at all sites.

The budgetary packaging and shipping charges include the costs of packaging the

equipment for shipment to all sites and the shipping cbarges to those sites. Export

packaging is to be supplied for only those equipments whose destination is overseas.

It has been assumed that the type of carriers used will be motor freight and ocean

going vessels.

b. OPERATING COSTS.

The budgetary operating costs shown in figures 5-2 through 5-4 include the

costs of operating the power generating equipment, of leasing the wire lines from
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Patrick Air Force Base to Goldstone for the four-and six-station complex, and of

providing a crew of operators for each station to insure 24 hour-a-day, 7 days-per-

week operation. A total of four _vo-man crews plus a suoervisor has been considered

to be adequate for operation of any station. It has been assumed that fuel for the

diesel generator is readily a_vailable, mid that messing and billeting facilities as

welt as local transportation is available for use of the operating personnel.

c. THREE-STATION COMMUNICATION COI_i_LEX COSTS.

Figure 5-2 is a tabulation of the total fixed costs and the ope':ating costs for a

three-station communications complex for ten different types of services. This

complex has stations located at each of the DSIF station sites, Goldstone, Woomera,

and Johannesburg. Attention is called to the "absence of any cost figures for two TWX

lines and two 5-kc analog channels. It is impossible to provide this service on one

set of radio equipments when the response of the analog channels are required to be

within one db over a frequency range of one-fifteenth of a cycle to five kilocycles.

It would require three different sets of equipments to provide this service simultane-

ously. Therefore, t_e costs were considered to be too great to be included. These

costs have also been omitted from the four-and six-station communication compl_._s.

The costs versus information rate capability for the three station complex are

diagramed graphically in figures 5-5, 5-6, and 5-7.

d. FOUR-STATION COMMUNICATION COMPLEX COSTS.

Figure 6-3 is atabulation of the total fixed costs and operating costs for a

four-station communications complex for ten different types of services. This

complex has stations located at each of the DSIF station sites plus a relay station

located near Patrick Air Force Base, Florida. The relay station is connected to the
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C,oldstone facility by leased wive lines and the monthly charges for tht._ service has

been included in the total operating costs per month. No costs appear for the two

twx lines and two 5-kc analog channels for the reasons discussed in paragraph c. The

costs versut_ informatic_ rate capability for the four station complex has been

diagrammed graphically in f_gures 5-5, 5-6, and 5-7.

e. SIX-STATION COMMUNICATION COMPLEX COSTS

Figure 6-4 is a tabulation of the total fixed costs and operating costs for a

four-station communications complex for ten dffi'erer,t types of services. This

complex has stations located at each of the DSIF station sites plus a relay station

located near Patrick Air Force Base, Florida, one located in the Hawaiian Islands,

and one located on Ascension Island. The PAFB, Ftorida station is connected to the

Goldstone facility by leased wire lines and the monthly charges for this service has

been included in the total operating cost_ per month. No costo appear for the two

twx lines and two 5 kc analog channel_ for the reasons discl,_ssed in paragraph c.

The costs versus information r,_e capability for the six station complex are depicted

graphically in figures 5-5, 5-6, and 5-7.

!

i
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Section VI

SUMMARY

The reliabilities and the costs of the three communication complexes studied

have been discussed in separate sections of this report. The results of these

individual studies have been combined and analyzed in this section in the form of

charts and graphs. Tables 6-1 and 6-3 indicate the cost variation versus information

rate capability and reliability for analog and digital data channels respectively.

Comparison of the relative merits of these two types of data transmission can be

determined readily from the tables. For example, consider that a complex reliability

above 70 percent is required. For analog data transmission (see table 6-1), a six-

station complex is the only one that can provide this reliability and the information

rate caFability is limited to a maximum of a 3-k channel. For digital data tr.'ms-

mission (see table 6-2), both a four-and six-stationcomplex can provide a reliability

above 70 per cent. At this reliability, a four-station complex can provide information

rates of 1050 bits per second or 150 bits per second at a quality factor of 99.9 per

cent and a six-station complex can provide information rates of 5025, 3000, 1050, or

150 bits per second at this same quality factor.

Tables 6-2 and 6-4 indicate the cost variation versus information rate and

apparent .reliability. (Apparent reliability has been defined in paragraph 3.6.1 of this

repo-t. ) The tables may be u_ed in the same manner as tables 6-1 and 6-3. Figure

6-1 graphically indicates the cost variation with reliability for the analog data channels

s_udicd, and figure 6-2 is a graphic illustration of the same information for the digital

data chaanels studied. Figure 3-3 is a comparison of monthly operating costs. It
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should be noted that the operating costs for a thrce--st,'ltion communication complex

is constant for all information rate capabilities _/hile the operating costs of the

four and six station communic'ltion complexes start rising for information rates

requiring bandwidths greater than 3 kc. This rise is the result of the costs for the

leased wire service behveen Patrick and Goldstone which increase with bandwidth

requirements. The use of wire lines are required for this circuit because the FCC

will not allocate high frequency channels to establish networks within the continental

limits of the United States.

: Figure 6-4 shows the variations of operating costs versus the reliabiiities

supplied by the three complexes studied. The effects of the costs of the leased land

lines upon the operati_g costs of the four-and six-station complex are also obvious

in this set of curves.
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_d_h 1 KC/S 3 KC/S 5 KC/S 10 KC/S

Reliability _,_ ............

$1,0.51,283

3 Station23% ...........
Complex

$1,325,214

28.5% 4 Station

Complex

......... $1,09'1': 2'83

30% 3 Station

Complex

$!, 691,' 283' "
36.5% 3 Station

Complex

$1,325,214

38% 4 Station

Complex

' .... I $2,091,695

46% 6 Station

Complex

$1,325,214

46.5% 4 Station

Complex

$1,091,283

50% 3 Station

Complex

$2,091_ 695

_7% 6 St_ttion

............ Complex ' ......
........ $t, 325,214"

63% 4 Station

Complex
........... $2(091,695 ...................

65% 6 Station
Complex

.... $2,091,9'95
78% 6 Station

Complex ......

Table 6-1. Total Fixed Costs va Reliability - Analog Data Channels
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....... |

idth

1 KC/S 3 KC/S 5 KC/S 10 KC/S

Appar e!_ix,,,x

Reliability_ .

$1,091,283

29.5% 3 Station
Comp!ex

$I,325,214

35% 4 Station

Complex

.... $.!. 091, 28'3

37% 3 Station

Complex

$1,091,283

42% 3 Station

Co mplex

..... $11325,214

45% 4 Station

Complex

$1,325,214

52_o 4 Station

Complex
...... •%.

$2,091,695

53% 6 Station

Complex

$1,091,28'3 ...........

56% 3 Station

Complex

$2.091,695

64% 6 Station

Complex

$1,325,214

69% 4 Station

Complex

$2,091,695

71% 6 Station

: Complex

$2,091,695

84% 6 Station

Complex
l, ,

Table 6-2. Total Fixed Costs vs Apparent Reliability - Analog Data Channels

6-4

1965075603-078



_. RatIldwi¢!tll

Bit 0.1 KC/S 1 KC/S :3KC/S 5 KC/S 10 KC/S

e 150 B/S 1050 B/S 3000 B/S 5025 B/S 10,050 B/S
Reliability'_

r $3,256,352

31% 3 Station

Complex

39% 4 Station

Complex

$2,232,297

41% 3 Station
i

Complex

$1,774,210

47% 3 Station
i

Complex ]
, ............ 6

$2,681,116 r
52% 4 S_tion - :

Complex

- It' -$;.3,-"-]:i0.401 "I 59% [ 6 Station

............ Complex
$1,588,010 $2,167,448 '

60% 3 Station 4 Station

Complex Complex

....... $1,5"i _,'566 .............
69% 3 Station

ComPlex

$4,363,2S_

70% 6 Station I

Complex

...... $i,87i, 968
74% 4 Station

Complex

........ $:3,_o7,i_! - , I
76% 6 Station

Complex

$'i, 822,236 ........................

83% 4 Station

Complex

.........$3,0i4, 711 ......
85% 6 Station

Complex

$2,'931,823 "'
90% 6 Station

Complex

Table 6-3. Total Fixed Costs vs Reliability - Digital Data Ch,'mnels 6-5
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_Baudwidth ' ]Bit O. 1 KC/S 1 KC/S 3 KC/S 5 KC/S 10 KC/S

150 B/S I050 B/S 3000 B/S 5025 B/S 10,050 B/S

Reliabflity'_
• : $3,256,352

36% 3 Station

Complex

.... $3,908,984

45% 4 Station

Complex

$2,232,297

47% 3 Station

Complex

$1,774,210

54% 3 Station

Complex

"' ,g2:6'81,116 -

57% 4 Station

Complex

I- ................ $6,41o,.i31
' 65_ 6 Station

Complex

"' , $1'_588,010' $2,167,448 ....
66% 3 Station 4 Station

L Complex Complex
$1,516,566

75% : 3 Station
I

Complex

......... 34, 363,287 "'

76% 6 Station

Complex

• $1,871,968 .............

80% 4 Station

] Complex

$3,507,11]
82% 6 Station

Complex

.... $'1, '822;' 236
89% 4 Station

Complex

$3,014, 711

91% 6 Station

Complex

$2,931,823 ..................................
96% 6 Station

. Complex ....

Table 6-4. Total Fixed Costs vs Appsrent Reliability - Digital Data Chamlels

1965075603-080



t_]_l_-I _

0

•i I : ....[ l I .... I • ; • I. • : •
•"'E....... ! ! ' l,...."".....................i....,....l.........i......J .............................,. ;.......,...............
• :.. ! i I , • • ' ' • !

•: __i, i : _ ' i I '! I° .........i i

i ' i l.-"! ' ,

•.' ..:.........I ..... !" • ' ' "! i l ._ ....... ..

•-"l .... ": .... : . !• ! .!. . I I '. ......... , . . ..

.....;-"T-""'T;:.......... ........: "-"-_:.I ..:....ii............iI ..........1..... ; ,,,_:,,,_'.,; , I "
, , , : l ' I i ! :;-!'k• ' i : t ' • "

i.... ; ..... _ 'l ..... i I ' "_:"J • , • ,, i
.... ,'"! " i ' ' , • , ' J":._:' " . ! "
l.-;---,-................,....................-..--.;--I......_....... t........_,',,-., _......_............_
, "" ; ......... I ...... i • ' I • • _ • ,,;, • ,; i • . : _ : I : : I i • ", ',
i...... I'" ......................I : : I! ..... :!......................I ' ii.....,.''_-_] " ' ""'_.... I"........ |
I. .................. • i. . ! . .i " " i I • ' l.Z • -- .. :

• • I . . • _.'i . •L:. [ ._ ! , J , j _.,,__:\., ........ o_
...... "T..... ; ...... "...... _--'--_ .... _ ............. , ................... "lr.i"'l-"_ ....... _k l .......... _ L.,IJ

[ l , . I _ ! i ! i ' I'_I1\ \' : _
I......... ; ' " " '" " .... ,,9 ..... I_"

I " ' _ i l l l _ = t l

: [lll jill _.... ...... _lil ill i l ........ I li :lll J ...... il 1 : 1 1 _ll_l _ l[ .... _ ] 1 1 _

l I I • ' i i i ! ' ' i " ] 'J_l _ \ i_
l _ .... I I m _ m B I i ...... _ B B l l _

t • , J i , I 0 a l i _ _ l = B i

" _ " _ _ I ' i I _ l _ I I I_ " t"-• -...... : .I...- . I ._ ...... I,,. \ .\ ,. : -
I ...... ' .... I ..... I '" J'' I : I _ _ _ 1[ l. _

I I I i . I _ , "l . ,._" .
l " i " "l. I : l l : _ 1 " i :X _ "_ l "

• [ ..... ] • • _ l • [ l " _ ' , _ _ _ 'l

I i [ l I ' _ l

{.............. ; l • " 'X _ '. "

............, i \\:;:i _ ,I _ , , ,
,.. , ...\. !J ! .... "' I¢1

....... L .............. : " ! _ ............ : " " l J' .................. [ .............. _ .... _ ...... 0

', i J I !. !
J i ..i .. i i : ._.
l "_" : ...... : " " ' , l I

I '. I ; •
.............. I kl,I

I" .i ....... ]- i : • _ .... l • • J

i ' i !
:" _ [ 1 • l ] 1

t J I i ILJ1

................... i .........i................... ._,,.
i i i • 1

" I ' "J'"

' "..... "..... i"" I ' ' _" .I
........ , . I ...... [ . . l I ; " "" ; I

..,._ . .! , , !,,
:" I : , , •

i ] l J _ ' "'[l" [

. Ji'' ':.i" _ ! i i ! •
_ i ...i. '..4 ' , .........omm ...... 2...................... " ......... ' '
oz= l , i l

_ ..... I:-.,[ • i : l B l _ l . I [] [ [

_ _ _ J I l_ l _ : i l m [ _ [ l i I I , l g l i .....'" i i. i .1L _ l a [ 1

,T:_ _ _ -

l-
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Section VII

C ONC LUSIONS

To select _ optimum comm,mica_ion system to be used with the three Deep

Space InBtrument Facilities Stations, consideration must be given to cost, reliability

required, and information rate capability- of the systems under surveillance.' These
5

three factors exert an effect upen each other. In general it can be stated that:

1. When costs are held constant, reliability is varied inversely _4th informa- :

tion rate capability.

2. When relfability is held constant, costs increase with an increase in

information _rate capability.

3. W"aen information rate capability is heidconstant, costs increase for an =

: increase in re!iability.

If selection of a Communication system is to be considered upon the basis of

cost alone, hig h reliability can only be achieved by accepting low inform_.tioh rate

capability. Thus, if funds are limited, a compromise must be made between relia-

bility and information rate capability. It should be pointed out that this relationship

does not foliow a smooth curve for digital transmissions but progresses in a step-like

manner because, in the practical sense, reliability is dependent upon the number of

stations in the system, while the information rate capabi] _.ty is dependent upon _e

= amouut of terminal equipment. For an_og_transmissions, the relationship of infor-

mation rate capability to reliability tends to follow a smooth curve because both

• information rate and reliability are fmuctions of bandwidth, and bandwidth is con-

tinuously variable j • _ _,
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If selection of a commmlication system is to be considered upon the basis of

reliability rdone, high information rate capability c,-m only be ache_eyed by increasing

the cost. As higher information rate capability is added to a system, the costs for

digital transmission must increase for two reasons, she costs of the additional

terminal equipment and the costs of additional stations to maintain the selected

reliability. It is obvious that thls cur.le also progresses in a step-like manner. This

is also true for-analog transmissions because a selected reliability can on'y be main-

talned by the addition of stations to the system.

If selection of a communication system is to be considered upon the basis of

information rate capability alone, high reliability can only be achieved by increasing

the cost. As higher reliability requirements are placed upon a system, the costs

must increase to provide ad ,ait_onal stations to supply that reliability. This curve

also progresses in a step-like manner because the costs of station additions are

quantized.

The reliabilities of leased services and the reliabilitJes of a privately-owned

system are similar for a given information rate because both are dcpe,_dent upon
L ,-

identical high frequency propagation vagaries. Therefore, the use of i:eased serx:ices

will result in the sacrifice of im'ormation rate and operating co:._trol.

J
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